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(54) Device and metliod for processing a plasma to alter the surface of a substrate using neutrals 



(57) A device, and a method for using the device, 
for altering the surface of a substrate with a plasma in- 
cludes a vessel having a chamber, a magnet and a plas- 
ma generator. Both the generator and the magnet are 
positioned outside the vessel while the substrate to be 
altered is placed in the chamber. The magnetic field is 
established substantially parallel to the substrate sur- 
face that is to be altered to insulate the plasma from the 
substrate surface. Also, a radio frequency wave is prop- 
agated from the generator into the chamber to generate 
the plasma in chamber which alters the surface. Specif- 



ically, the plasma is generated in ionization zones locat- 
ed between the substrate surface and the vessel walls. 
A region in the chamber is thus defined between the ion- 
ization zones where the plasma is established with sub- 
stantially uniform density Additionally electrodes can 
be placed to voltage bias directly or capacitively the 
plasma for ion etching or deposition on the substrate 
surface. Also, the voltages on the electrodes can be 
configured in such a way to produce high energy neu- 
trals which replace ions for etching the substrate sur- 
face. 




Printed by Jouve, 75001 PARIS (FR) 



EP0 831 516 A2 



1 

Description 

This is continuation-in-part application of co-pend- 
ing patent application Serial No. 08/690,149 filed July 
31, 1996. 5 

FIELD OF THE INVENTION 

The present invention pertains generally to devices 
and systems for altering the surface of a substrate by 
either etching or deposition. More particularly, the 
present invention pertains to systems and processes 
which use plasma for etching or deposition. The present 
invention is particularly, but not exclusively useful for the 
etching and deposition of a substrate surface in the 
manufacture of integrated circuits. 

BACKGROUND OF THE INVENTION 

As is well known, a plasma is an ionized gaseous 
discharge which includes free electrons, charged ions 
and neutral species which are sometimes referred to 
simply as neutrals. It is also well known that, depending 
on the particular constituents of the plasma, a plasma 
can be used either to etch a substrate surface or to de- 
posit material onto the substrate surface. Present meth- 
ods for plasma etching and plasma deposition, however, 
have some shortcomings. 

Insofar as plasma etching and plasma deposition 
are concerned, certain physical characteristics of a plas- 
ma are of particular importance. Firstly, it is basic knowl- 
edge that the velocities of free electrons in a plasma, 
greatly exceed the velocities of charged ions. It is also 
known that particulates can form from negatively 
charged species in a plasma. Further, it is known that a 
magnetic field has a significant effect upon free electron 
transport in the plasma. Specifically, plasma flux in a di- 
rection perpendicular to the magnetic field Is significant- 
ly inhibited. With the above in mind, certain phenomena 
should be considered. 

If there is no control over the flux of the faster mov- 
ing free electrons in a plasma, the free electrons will 
leave the plasma. Accordingly, the plasma will tend to 
become positively charged. This condition, in turn, pro- 
motes the formation and retention of negatively charged 
particulates in the plasma. These particulates, however, 
undesirably degrade the quality of the deposition or 
etching on the substrate surface. Another problem 
stems from the fact that if the plasma is not somehow 
insulated from the surface of the substrate, the substrate 
can become overheated and, thereby, possibly dam- 
aged. This becomes even more troublesome when high 
plasma densities are achieved. 

In addition to merely generating a plasma, an effi- 
cient plasma etching or plasma deposition system 
needs to have a control over the functioning of the sys- 
tem. Stated differently, it is desirable if the system oper- 
ator IS able to control independently the flux of positive 



ions and neutrals toward the substrate surface to be al- 
tered. Further, it is obviously desirable if the surface Is 
predictably altered. The implied consequence of this is 
that the plasma needs to have a uniform density over 
the substrate surface that is to be altered. Finally, it is 
desirable that the system be responsive and able to 
function in a short period of time. 

In light of the above it is an object of the present 
invention to provide a system for processing a plasma 
to alter the surface of a substrate having a large surface 
area. Another object of the present invention is to pro- 
vide a system for processing a plasma to alter the sur- 
face of a substrate which can etch the surface of a sub- 
strate, or deposit material onto the surface of a sub- 
strate, at a relatively high speed. Still another object of 
the present invention is to provide a system for process- 
ing a plasma to alter the surface of a substrate which 
can control the flux of ions or neutrals from the plasma 
toward the surface of the substrate. Another object of 
the present invention is to provide a system for process- 
ing a plasma to alter the surface of a substrate which 
produces a beam-like ion flux into the substrate so that 
deep trenches can be cut into the substrate. Yet another 
object of the present invention is to provide a system for 
processing a plasma to alter the surface of a substrate 
which inhibits the unwanted formation of particulates in 
the plasma. Another object of the present invention is to 
provide a system for processing a plasma to alter the 
surface of a substrate which allows for the generations 
of a plasma having a uniform density. Still another object 
of the present invention is to provide a system for 
processing a plasma to alter the surface of a substrate 
which shields the substrate from a high electric field. It 
is also an object of the present invention to provide a 
system for processing a plasma to alter the surface of 
a substrate which is relatively easy to manufacture, is 
easy to use and comparatively cost effective. 

SUMMARY OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention, a system 
for altering the surface of a substrate includes a vessel 
for holding the substrate in a gaseous environment, an 
antenna for ionizing gas in the vessel to form a plasma, 
and a magnet for creating a magnetic field which insu- 
lates the substrate from the plasma. As intended for the 
present invention, the system can be used to alter the 
substrate surface either by the deposition of neutral ma- 
terial from the plasma onto the surface, or by etching 
the surface with ions and neutrals from the plasma. 

The vessel which is to be used for the system of the 
present invention is preferably cylindrical in shape, and 
the cylinder is hollow to form a chamber for the vessel. 
The walls of this chamber are preferably made with an 
insulating material, such as glass. In an alternate em- 
bodiment for the vessel, the walls of the vessel can be 
made with a stronger material, such as a metal. For this 
alternate embodiment, however, the metal walls are 
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preferably lined with an insulator. For the present inven- 
tion this insulative liner can either cover the entire wall 
area or only partially cover the wall area. 

The antenna for the system of the present invention 
is located externally to the vessel, and is positioned to 
direct RF energy into the chamber Specifically, RF en- 
ergy from the antenna, which is preferably in the form 
of a so-called Electron Magneto-Sonic Wave, is directed 
toward predetermined ionization zones in the chamber. 
The plasma in the chamber is thus generated in these 
ionization zones. 

The magnet, like the antenna, is located externally 
to the vessel. Importantly, the flux lines of the magnetic 
field generated by the magnet are aligned in the cham- 
ber so they will be substantially parallel to the surface 
of the substrate. For purposes of the present invention, 
either a permanent magnet or an electrical magnet can 
be used. Further, the magnetic field in the chamber can 
be rotated to enhance uniformity of the plasma. This, 
rotation, however, can be done only so long as the flux 
lines remain substantially parallel to the surface of the 
substrate. 

To set up the system of the present invention, the 
substrate is axial ly centered in the chamber of the ves- 
sel. Also, as indicated above, the substrate is placed in 
the chamber so that the substrate surface to be altered 
is substantially parallel to the flux lines of the magnetic 
field. The antenna is then adjusted to direct RF energy 
into ionization zones which are located between the sur- 
face of the substrate and the walls of the chamber. 

In the operation of the system of the present inven- 
tion, once the substrate has been properly placed in the 
chamber, and after the chamber has been filled with the 
appropriate gases, the antenna is activated to ionize the 
portion of the gas that is In the predetermined ionization 
zones. As is well known, this ionization results in a plas- 
ma which contains free electrons, ions, and un-ionized 
molecules or atoms (i.e. neutrals). In the absence of a 
magnetic field, the faster traveling free electrons will 
eventually leave the plasma and cause it to become 
positively charged with respect to the substrate. For the 
present invention, however, due to the insulated cham- 
ber walls and the orientation of the magnetic field in the 
chamber, several different consequences result for the 
plasma. 

The first consequence is, the plasma which is cre- 
ated in the vessel is magnetically insulated from the sur- 
face of the substrate. This happens because, in the or- 
der of their influence on charged particles, magnetic 
fields have a greater affect on free electrons, while they 
have much less effect on ions, and no effect on neutrals. 
Accordingly, for the system of the present invention, the 
travel of free electrons in a direction perpendicular to 
the magnetic field (i.e. toward the substrate surface) is 
inhibited more so than is the travel of the slower moving 
positively charged ions. Consequently, free electrons 
tend to remain with the plasma and, in turn, to attract 
the positively charged ions. Thus, these ions also tend 



to remain with the plasma because the walls are elec- 
trically insulated. One result of this is that the plasma 
flux to the substrate is greatly reduced without^affecting 
the flux of neutral species. 
5 Secondly because the magnetic field causes a 
much slower rate of electron transport to the substrate 
compared to the ion transport, the plasma charges up 
negative with respect to the substrate. Thus, the plasma 
does not retain and promote the growth of negatively 
10 charged particulates which can easily contaminate the 
surface of the substrate. 

As indicated above, plasma in the vessel is gener- 
ated in predetermined ionization zones. Further, as also 
indicated above, these ionization zones are located be- 
15 tween the walls of the vessel and the surface of the sub- 
strate. In addition, the ionization zones are located dia- 
metrically opposite from each other in the chamber. 
Consequently, there is a region between the ionization 
zones that is directly above the surface of the substrate. 
20 In fact, the entire surface of the substrate is positioned 
under this region. Importantly, due to the fact that the 
plasma flows readily along the magnetic field, whereas 
the plasma transport across the magnetic field is very 
slow, there is a uniform density for the plasma in the 
25 region. 

In order to prevent a charge build up on the inside 
surface of the vessel, a conductor can be used to es- 
tablish a common potential which completely encircles 
the plasma region in the azimuthal direction. Specifical- 
30 ly, a plurality of conductors can be mounted on the inside 
insulated surface of the vessel for this purpose. For the 
present invention, these conductors are, preferably, a 
plurality of rings which are made of a well known con- 
ductor material, such as a gold coating. Further, each 
35 ring is axially separated from the other such rings, and 
each ring is mounted on the vessel in a plane which is 
oriented substantially parallel to the surface of the sub- 
strate. Thus, the conductor rings eliminate the possibility 
that of an azimuthal electric field will be generated. At 
40 the same time the insulation of the plasma from the sub- 
strate by the magnetic field is maintained. 

For operations of the system where the deposition 
of material onto a substrate surface is desired, a plasma 
is created in the region above the substrate surface as 
45 indicated above. Due to the fact the magnetic field has 
negligible effect on the neutrals in the plasma, these 
neutrals will not be effectively inhibited in their travel to- 
ward the substrate surface. Thus, and because there is 
a uniform density for plasma in the region, the neutrals 
50 can be uniformly deposited over the surface of the sub- 
strate. Because the plasma flux to the substrate is re- 
duced by the magnetic field, the heat load and damage 
by the impinging ions to the substrate are also reduced. 
Thus, a high deposition rate can be achieved without 
55 undue heating of the substrate. 

For operations of the system where it is desired to 
etch the surface of the substrate, the plasma is created 
in a manner that is similar to that used for deposition. 
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Additionally, for etching, the substrate is periodically 
charged to attract ions from the plasma to the surface 
of the substrate. These ions and the neutrals then etch 
the surface in a manner well known in the art. Preferably, 
for the purposes of the present invention, the substrate 
is capacitively charged. In an alternate embodiment, 
however, an electrode can be placed in the vessel wall 
for contact with the plasma. The electrode can then be 
electrically connected to the substrate. This, in turn, will 
cause the now negatively charged substrate to attract 
the positively charged etching ions from the plasma. Be- 
cause of the magnetic insulation, the mobility of the elec- 
trons is greatly reduced and this allows a high voltage 
to be applied for extraction and acceleration of the ions. 
Beam-like ion streams thus produced are suitable for 
narrow trench etching. 

For operations of the system where etching by ac- 
celerated neutrals is desired, a base electrode and an 
active electrode can be mounted on the inside insulated 
wall of the vessel in the vicinity of the plasma region. 
Preferably, both the base electrode and the active elec- 
trode are annular in shape and each are mounted on 
the inside wall of the vessel to define a plane which is 
substantially parallel to the surface of the substrate to 
be etched. Importantly, the active electrode is positioned 
between the base electrode and the substrate. Further, 
the base electrode and the substrate are electrically 
connected to each other so that they have substantially 
the same electric potential. The active electrode, on the 
other hand, is connected to a voltage supply so that it 
can be selectively activated to have a negative potential 
relative to the base electrode and the substrate. With 
this particular arrangement of components, the estab- 
lishment of a negative charge on the active electrode 
causes positively charged ions in the plasma to accel- 
erate in a general direction from the base electrode to- 
ward the active electrode and, thus, toward the sub- 
strate. For this purpose, the magnetic field strength 
should be set to prevent anything more than a negligible 
deflection of the accelerated ions and yet prevent the 
electrons from short circuiting the voltage. 

Unless they are somehow altered, the positively 
charged ions which are accelerated toward the sub- 
strate by activation of the active electrode, will be slowed 
after passing the active electrode, and will then be ac- 
celerated back toward the base electrode and into the 
plasma. Not all of the positively charged ions, however, 
remain unaltered in this process. Specifically, due to 
charge exchange reactions between the positively 
charged ions and neutrals in the plasma, some of the 
accelerated positively charged ions become accelerat- 
ed neutrals. These accelerated neutrals then continue 
toward the substrate where they collide with and acti- 
vate the substrate. The activated substrate then reacts 
with thermal neutrals from the plasma to etch the sub- 
strate. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features of this invention, as well as the 
invention itself, both as to its structure and its operation, 
5 will be best understood from the accompanying draw- 
ing, taken in conjunction with the accompanying de- 
scription, in which similar reference characters refer to 
similar parts, and in which: 

Figure 1 is a cross sectional schematic representa- 
tion of the component subassemblies of the system 
of the present invention; and 
Figure 2 is a perspective view of an alternate em- 
bodiment of the vessel of the present invention with 
the magnet and the antenna removed for clarity 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figure 1, a system for processing a 
plasma to alter the surface of a substrate is shown and 
generally designated 10. As seen in Figure 1, system 
10 includes a vessel 12 which has walls 14 and a top 
16. Preferably, the vessel 12 is generally cylindrical in 
shape and is made of an insulating material, such as 
glass. For purposes of the present invention, the vessel 
1 2 is placed on a base 1 8 to form a chamber 20 between 
the walls 14 and top 16 of vessel 12, and the base 18. 
It is to be understood that materials other than glass may 
be used forthe manufacture of vessel 12. If so, the walls 
1 4 of vessel 1 2 should be lined with a dielectric material 
so that the chamber 20 is insulated. 

System 10 also includes an antenna 22. As shown 
in Figure 1 , antenna 22 is mounted externally to the ves- 
sel 12 and is positioned generally across the top 16 of 
vessel 12. From this position, antenna 22 propagates 
radio frequency (r-f) power into the chamber 20. The an- 
tenna 22 can be of any type well known in the pertinent 
art. Preferably, however, antenna 22 is a spiral antenna 
which has the ability to control the propagation pattern 
of r-f power that is transmitted by antenna 22. As will 
become apparent from subsequent disclosure, it is im- 
portant that this propagation pattern be tailored to direct 
r-f power into predetermined ionization zones within the 
chamber 20. 

Figure 1 also shows that system 10 includes a ped- 
estal 24. Specifically, the pedestal 24 is mounted on 
base 18 and is surrounded by the vessel 12. This con- 
figuration places the pedestal 24 so that it projects 
somewhat into the chamber 20. A substrate 26 is placed 
on pedestal 24 to expose a surface 28 of the substrate 
26 to the chamber 20. As intended for the present in- 
vention, the substrate 26 can be made of any material 
having a surface 28 which the operator of system 10 
desires to alter by plasma etching or plasma deposition. 

A magnet 30 is positBned externally to the vessef 
12 substantially as shown in Figure 1. Importantly, the 
magnetic field of the magnet 30, as shown and repre- 
sented by the lines 32, are oriented substantially parallel 
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to the surface 28 of substrate 26. As envisioned by the 
present invention, the magnet 30 can be of any type well 
known in the art, such as a permanent, rnagnet. or an 
electro-magnetic device. Regardless what type magnet 
is used, as stated above, it is important that the magnetic 
field 32 be oriented substantially parallel to the surface 
28 which is to be altered. Also, it may be advantageous 
to rotate the magnetic field 32 about an axis which is 
symmetrically central to the vessel 1 2 and generally per- 
pendicular to the surface 28. If so, and again as stated 
above, it is important that the magnetic field 32 remain 
oriented substantially parallel to the surface 28 and, 
therefore, perpendicular to the central axis of the vessel 
1 2. For purposes of the present invention, the magnetic 
field 32 can be rotated by any means now known in the 
pertinent art. 

If desired, a voltage source 34 can be provided 
which, via a connector 36, is electrically connected to a 
charge plate 38. As shown, the charge plate 38 is 
mounted on pedestal 24 and is capacitively connected 
to the substrate 26. In a manner well known to the skilled 
artisan, the voltage source 34 can be activated to selec- 
tively change the potential of the substrate 26. In anoth- 
er arrangement, which can be established for the same 
purpose of changing the potential of substrate 26, an 
electrode 40 can be mounted in chamber 20 on the wall 
14 of vessel 12. In this arrangement, the electrode 40 is 
connected via connector 42 and switch 44 to voltage 
source 34. Operation of switch 44 can then complete 
the connection of voltage source 34 directly to the sub- 
strate 26 via a line 45. 

In an alternate embodiment of the system 1 0 for the 
present invention, the vessel 12 can include a plurality 
of conductor rings of which the conductors 50a, 50b and 
50c are representative. As shown in Figure 2, the con- 
ductors 50 are annular shaped and are mounted on the 
inside of walls 14 to substantially encircle the region 48 
where the plasma is contained. Preferably the conduc- 
tor rings 50 are made of a good electrically conducting 
material well known in the pertinent art, such as a gold 
coating. Further, as will be appreciated by reference to 
Figure 2, the conductor rings 50 each define a plane 
which is substantially parallel to the surface 28 of sub- 
strate 26 a mutually parallel to the planes of the other 
respective conductor rings 50. 

Recall that the magnet 30 creates a magnetic field 
32 (as shown in Figure 1) that is oriented with flux lines 
which are substantially parallel to the surface 28 of sub- 
strate 26. As previously disclosed, this particular orien- 
tation of the magnetic field 32 insulates the substrate 26 
from free electrons in the plasma. The free electrons, 
however, are still free to move along the lines of mag- 
netic flux and, therefore, are capable of building up a 
charge on the walls 1 4 of vessel 1 2. The conductor rings 
50, however, allow for a free movement of electrons on 
the walls 1 4 in the azimuthal direction indicated by arrow 
52 in Figure 2. Consequently a non-uniform azimuthal 
charge build up on walls 14 is prevented while, at the 



same time, the magnetic field 32 maintains the insula- 
tion of substrate 26 from free electrons in the plasma. 

Figure 2 also Indicates that a base electrode 54 and 
an active electrode 56 can be mounted on the walls 14 

5 of vessel 12. For purposes of the present invention the 
electrodes 54 and 56 are annular shaped and generally 
encircle the region 48 where the plasma is contained. 
Also, the active electrode Is connected to a voltage 
source 58 by a line 60 substantially as shown In Figure 

10 2. By means well known in the art, the voltage source 
58 can be selectively activated to place a negative 
charge on the active electrode 56. On the other hand, 
the base electrode 54 and the substrate 26 are main- 
tained at substantially the same constant voltage poten- 

15 tial, such as would be established by the connection of 
substrate 26 via line 62 and the connection of base elec- 
trode 54 via line 64 with ground 66. Importantly the base 
electrode 54 is separated from the active electrode 56 
and the active electrode 56 is positioned between the 

20 base electrode 54 and the substrate 26. 

OPERATION 

In the operation of the system 1 0 of the present in- 

25 vention, a substrate 26 is placed on pedestal 24 with the 
surface 28 exposed. Th'e pedestal 24 and substrate 26 
are then positioned inside the chamber 20 of vessel 1 2. 
At this time, the chamber 20 is sealed. Next, the gase- 
ous materia! that is to be ionized into a plasma is intro- 

30 duced into the chamber 20. Although the particular gas 
to be used with the system 10 of the present Invention 
is generally a matter of choice, it is known that carbon 
tetrafluoride gas Is well suited for etching operations, 
while Silane is suitable for a deposition operation. 

35 Once the substrate 26 has been positioned in 
chamber 20, all adjustments are made on magnet 30 
that are needed to orient its magnetic field 32 substan- 
tially parallel to the surface 28 of substrate 26. For pur- 
poses of the present invention, modest field strengths 

40 in the range of from fifty to one thousand gauss 
(50-1,000 gauss) can be used. Next, the antenna 22 is 
activated to direct r-f power Into the chamber 20. It hap- 
pens for the present Invention that a rather wide range 
of frequencies can be used. Preferably, the frequency 

45 of the r-f power from antenna 22 is in the range of from 
1 MHz to 1 GHz. 

For the purposes of the present invention, antenna 
22 is a generator which Is configured to direct Its r-f pow- 
er primarily into ionization zones 46 which are located 

50 In the chamber 20. Specifically these ionization zones 
46 are located between the substrate 26 and the walls 
14 of vessel 12. Preferably, this r-f power is in the form 
of an Electron Magneto-Sonic (EMS) Wave. This pref- 
erence for an EMS Wave Is due to the fact that the mag- 

55 netic Insulation established by the system 1 0 prevents 
inducement of an azimuthal as is normally generated by 
similar antennas used for Transformer Coupled Plasma 
(TCP). Thus, it Is important to use an r-f heating method 
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for system 10 which is compatible with the magnetic in- 
sulation. Because it can propagate across a magnetic 
field, an EMS Wave is suitable for this purpose. Conse- 
quently, the design for antenna 22 and the particular r- 
f frequency to be used must be chosen in a way to gen- 
erate an EMS Wave. 

The ionization zones 46a and 46b shown in Figure 
1 are representative of the zones 46. Above the surface 
28 of substrate 26, and between the ionization zones 
46a and 46b in the chamber 20 is a region 48. The im- 
portance of this region 48 in the operation of system 1 0 
comes into play as the plasma is generated in the cham- 
ber 20. 

As implied above, as r-f power is propagated into 
the chamber 20, plasma is generated in the ionization 
zones 46. Because the walls 14 of vessel 12 are made 
of an insulating material (e.g. glass), and due to the ori- 
entation of the magnetic field 32 in chamber 20 (i.e. par- 
allel to surface 28), the plasma which is generated will 
generally be confined to the zones 46 and to the region 
48 between the zones 46. This happens for several in- 
terrelated reasons. Firstly, theaxially insulating proper- 
ties of the walls force the electron and the ion flux to the 
wall to be equal by keeping free electrons in the plasma 
from leaving the plasma by conduction through wall 14. 
Secondly, magnetic field 32 inhibits plasma transport in 
a direction perpendicular to the magnetic field 32. Thus, 
the flux of free electrons toward substrate 28 is greatly 
reduced. Thirdly, because the magnetic field 32 has rel- 
atively little, if any, effect on plasma transport in a direc- 
tion parallel to the magnetic field 32, plasma density is 
freely and uniformly increased in the region 48. As a 
consequence of all this, the plasma remains negatively 
charged relative to the substrate 26. Also, and very im- 
portantly, the magnetic field 32 effectively insulates sub- 
strate 26 from the heat that is generated in the plasma 
and, accordingly, substrate 26 does not suffer unaccept- 
able heat damage. 

For a deposition operation, a plasma is generated 
in region 48 and the neutrals which result from the gen- 
eration of this plasma are allowed to deposit onto the 
surface 28 of substrate 26. As will be appreciated by 
those skilled in the art. masks can be used to cover sur- 
face 28 so that deposition occurs on only selected por- 
tions of the surface 28. Further, due to the increased 
plasma densities and the uniformity of the plasma den- 
sity in the region 48 that are possible with system 10, 
the deposition onto surface 28 can be done quickly and 
with a sufficient yield. 

For etching operations, it is necessary that positive- 
ly charged ions be attracted to the surface 28 of sub- 
strate 26. Consequently, it is desirable to establish a 
negative potential for the substrate 26 relative to the 
plasma. With this potential, the positively charged ions 
from the plasma will be attracted to the surface 28 for 
etching the surface. The establishment of a negative po- 
tential for the substrate 26 can be accomplished in sev- 
eral ways. 



Again referring to Figure 1 , it will be seen that the 
voltage source 34 can be selectively activated to place 
a negative charge on the charge plate 38 and capaci- 
tively on substrate 28. This, then, will attract positively 
5 charged ions toward the surface 28 in an ion beam. It 
happens that this ion beam is very useful for creating 
trench etching in the surface 28. In an alternate embod- 
iment, the free electron in the plasma can be collected 
by the electrode 40. Then in accordance with activation 
of the switch 44 the substrate 28, which is directly con- 
nected to the voltage source 34 can be negatively 
charged to attract ions in the plasma toward the surface 
28 for etching. 

For capacitive coupling between the charge plate 
38 and substrate 26 it is well known that a net electric 
charge can not be transmitted capacittvely. The time av- 
erage must vanish. With this in mind, the charge plate 
38 is pulsed negatively to accelerate the plasma ions 
towards the substrate 26. Between these negative puls- 
es, a small positive voltage is put on to the charge plate 
for a duration of time which is much longer than the du- 
ration of the negative pulses. The plasma electrons 
slowly reach the substrate across the magnetic insula- 
tion during the period when the charge plate is slightly 
positive. In other words, the substrate receive bursts of 
the ions followed by slow arrival of the electrons. The 
time integrated net electric charge is nil. 

When etching by accelerated neutrals is desired, 
the embodiment for vessel 12 of system 10 shown in 
Figure 2 is used. With this particular embodiment, it is 
to be appreciated that a plasma must be generated 
which include positively charged ions, neutrals and high 
energy neutrals. More specifically, with such a plasma 
in region 48, the active electrode 56 is pulsed with neg- 
ative vortages from voltage source 58. These negative 
pulses cause positively charged ions in the plasma to 
accelerate in a general direction from the base electrode 
54 (which has a substantially neutral charge), toward the 
active electrode 56 (which has a relatively negative 
charge), and, thus, also toward the substrate 26. During 
this acceleration, collisions between the now-accelerat- 
ed positively charged ions and neutrals will result in 
charge exchange reactions. The consequence of these 
charge exchange reactions is that the accelerated pos- 
itively charge ions are converted into accelerated neu- 
trals. The accelerated neutrals then proceed toward sur- 
face 28 of substrate 26 unimpeded by any negative 
charge on the active electrode 56. On the other hand, 
accelerated positively charged ions which do not expe- 
rience a charge exchange reaction are influenced by the 
negative charge on active electrode 56 and, after pass- 
ing the electrode 56, are accelerated back toward the 
plasma and away from the substrate 26. 

During this process, the accelerated neutrals which 
collide with the surface 28 of substrate 26 activate the 
surface 28. This activation prepares the surface 28 for 
further reaction between the substrate 26 and thermal 
neutrals which are present in the plasma. As is well 
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known in the pertinent art, the reaction between a sub- 
strate 26 and thermal neutrals in a plasnna can result in 
an etching of the surface 28 of the substrate 26. 

While the particular system/device for processing a 
plasnna to alter the surface of a substrate as herein 
shown and disclosed in detail is fully capable of obtain- 
ing the objects and providing the advantages herein be- 
fore stated, it is to be understood that it is merely illus- 
trative of the presently preferred embodiments of the in- 
vention and that no limitations are intended to the details 
of construction or design herein shown other than as de- 
scribed in the appended claims. 



Claims 

1. A device for processing a plasma to alter the sur- 
face of a substrate which comprises: 

a magnet for establishing a magnetic field, said 
magnetic field being oriented with flux lines 
substantially parallel to said surface; 
an insulator for insulating a region of said mag- 
netic field, said region being located adjacent 
said surface; 

a conductor mounted on said insulator for pre- 
venting the creation of an electric field in a di- 
rection substantially perpendicular to the mag- 
netic flux lines and substantially parallel to said 
surface of said substrate; and 
a generator for creating a plasma in said region 
for altering said surface, said plasma being 
generated in predetermined ionization zones, 
said zones being located between said surface 
and said insulator and said region being located 
between said zones. 

2. A device as recited in claim 1 wherein said insulator 
is a vessel formed with a chamber for holding the 
plasma and the substrate therein. 

3. A device as recited in claim 1 wherein said conduc- 
tor comprises a plurality of rings with each said ring 
identifying a plane, and wherein each said plane is 
substantially parallel to other respective said 
planes. 

4. A device as recited in claim 3 wherein each said 
plane is substantially parallel to said surface of said 
substrate. 

5. A device as recited in claim 4 wherein said rings are 
made of a gold coating. 

6. A device as recited in claim 1 wherein said plasma 
includes neutrals and positively charged ions, and 
wherein said device further comprises; 



a base electrode mounted on said insulator, 
said base electrode being electrically connect- 
ed to said substrate to establish a substantially 
same voltage potential for said base electrode 
5 and said substrate; 

an active electrode mounted on said insulator 
between said base electrode and said sub- 
strate; and 

a voltage source electrically connected to said 
10 active electrode for selectively placing a nega- 

tive voltage on said active electrode to acceler- 
ate positively charged ions in the plasma into 
collisions with neutrals, and by a consequent 
charge exchange, to convert said accelerated 
15 positively charged ions into accelerated neu- 

trals directed toward said surface of said sub- 
strate for activating said surface. 

7. A device as recited in claim 6 wherein said base 
20 electrode and said substrate are connected to 

ground. 

8. A device as recited in claim 6 wherein said base 
electrode is an annular shaped band defining a 

25 plane substantially parallel to said surface of said 
substrate. 

9. A device for processing a plasma containing posi- 
tively charged ions and neutrals to alter the surface 

30 of a substrate which comprises: 

a vessel defining an axis and formed with a 
chamber for insulating said plasma therein, 
said substrate being positioned in said cham- 
ps ber with said surface of said substrate oriented 
substantially perpendicular to said axis; 
a magnet positioned outside said vessel for es- 
tablishing a magnetic field in said chamber, said 
magnetic field being applied substantially per- 
40 pendicular to said axis; 

an antenna positioned outside said vessel for 
propagating radio frequency energy through 
said chamber and generally along said axis for 
creating said plasma in said chamber to alter 
45 said surface of said substrate; and 

electronic means for accelerating positively 
charged ions In the plasma into collisions with 
neutrals, and by a consequent charge ex- 
change, to convert said accelerated positively 
50 charged ions into accelerated neutrals directed 

toward said surface of said substrate for acti- 
vating said surface. 

1 0. A device as recited in claim 9 wherein said electron- 
's ic means comprises: 

a base electrode mounted on said vessel, said 
base electrode being electrically connected to 
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said substrate to establish a substantially same 
voltage potential for said base electrode and 
said substrate; 

an active electrode mounted on said vessel be- 
tween said base electrode and said substrate; 5 
and 

a voltage source electrically connected to said 
active electrode for selectively placing a nega- 
tive voltage on said active electrode to acceler- 
ate the positively charged ions in the plasma. io 

11. A device as recited In claim 9 further comprising a 
conductor mounted on said vessel, said conductor 
being substantially annular shaped and oriented to 
prevent the generation of an electric field in an az- ^5 
imuthal direction on the vessel. 

12. A device as recited In claim 11 wherein said con- 
ductor comprises a plurality of rings with each said 
ring identifying a plane, and wherein each said 20 
plane is substantially parallel to other respective 
said planes. 

13. A device as recited in claim 12 wherein each said 
plane is substantially parallel to said surface of said 25 
substrate. 
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